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PWER SJPItY DiSSICN FOR NADRm FACILITY

G. Karady* J. Ksrrmwg
EnAsm Wrvlcs

#iJlmtract

Pram a tschnLcal point of vJeu. thb system usin~
lnductlve ctoraga 1s tho ●ost •lvmma~ooun. IIW
rmormnt pm~r supply lr tho mom ●conm!cml ●o)utlon,

L KWQR alPPLY uaItaslttKmE.oE?mtAmo

IUTRODLICT [UN

The Advanced Hadron Faollity oona\otD ot’ an wal
INwpc ma~n ring u~th 80 m~Bn@tn oonneo~cd in Oarias.
The ma8nnLe In tha m~in ring laoP havQ 010b8 H
lnduatanaa nnd O,1O6 oh!n r@Olat@nCIOr lnolu(~lnU tha
buobar lnduotnnaoa and FeniaLanaae. ThfI Main fling
(lanaral arrangnwnt la shown in Fig, 11 Tha raqUir@d

magnat ourrant Is ohoun in FIJNJf’tt ~IIG The cnlouiatad

valr,aua and pouur naadod to drl!m th~ aurrant throush
tlta loop la nhown in FlgurQs 2b anIt o. W.\fl Bymtom

oparatus with A 3.3 Hz fraqllanay •ll~ the o~~nration
ayolo la Ulvldod Into rour pcrladal

o ln~lf~ionl Tha pnwr OUIJP~lHtt kaop thr rnaanet
~ur;o~t-aonatant ●t \fJ40A uhlah rUqulrOO 10H
voltagu and pow.

o Artaoleratlonl The pawur tiuI)pllI?ft ~ncl’o~aa th~
aurrmlt rapidly from 104G A to 10,fJOU A. ?h:a

Faqulras high voltugo #nd po~w baufl~~~a ths
●nor6y ntorad In ttto marnnata Inor*nafJs mm bIYf
MJ to 311HJI

OLEltIN C(M310BHATION:I

It. A. ~J.en8an J. Schrtaidar
Lo- Alamoa National Laboratory
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~lg. 1 NelrI Ring Caneral Arranga~nt

and
tha ‘

Figure 28 ahowe that during the flat-top
in.Je@cJon purfod low vo~taga [o naedad to malntaln
aurrant. Uut, durlrtg tha ●coelaratlon and ruset
period, high voltage la raquirad to lnarcaaa or
dearasae the rturrant, Thla aan bo aohlcvod by ualng
alx, ftJgrt-vnl Lnge Pouar 8UPPI1OS. Tha.cs operate only
during ●ccul~rat, lon and raaet period. Th@y are
bypaaaad during the Injaatlon and flat-top parlod, Wtin
two low voltn.ge pouar aupplloa keep tho requlrsd
ourrant aartslnnt.

During thn acnolaratlan parlod, tha powor IIuppllem
oparato ea ractlrlersl but during reset, they ouernte
aa lnvartara whloh raqulra full thyri”atar oontrollad
brJd@s.

TIM (tnwo)
Flj,, .’ ILIIII Il]nll VI,IILIII]I:, PUMII), W)II CW’IWIL



The dc currant rlpple~ disturb the beam. Th;
permltterl rlppln current la less than 20 A. The system
●nalynea ahowe that this oan be ●ahlovod by using 2M
pulse operation nnd aapaoltor flltera. A further
advantage In that thie system oan be oontrollecl every
69JI US by adJuatlng the flrlng angle of the thyrlatora.

The power suppllea drive varieble current througtJ
the magnet loop. The magnatlo flcld generated by the
100I.I ourrent. may produce dleturbancee in electrloal and
●leatronlo olrouita looated near thn acoelerntor. In
order to rcducu or ellmlnnte this magnntlc flelrl, thn
❑agneta w1ll be intoreonneotecl In euoh a way that theY
form a dual loop as shown In Figure 1. In this
arrangement the magneL.a will be connootnd no that tho
magnetic field at ●ach ❑agnet will be In Lhe name
dlrectlon but the external field dlaturbancen w1ll bo
❑ lnlmlzed by provldlng a return ourrenl path.

During t,ho acoeleratlon period, the powwr nuppl\ea
draw about 3M MJ to charge the magnete, uhlch results
in 1200 Mti peak power. During the reset period, the
pwer auppllee remove 34 IIJ ●ilorgy from the magneto.
Thle operation requires a la-ge energy storagn device
beoauae tho local eleotrlc network la unnbLe to eupply
thla large pulse load. Capacltlve, Inductive and f~y-
wheel generator energy ntorage ayeteme were oompared.

The study Indloated that at the presenl time the
fly-wheel generator ia the moat eoonomlcal storage
devloe beanuee eeveral large eurplue nuolear goneratora
are available In the U.S.

SYSTEM DESCRIPTION

a) Power Supulle5

The ayatem uII1 be eupplled by elx, hl~h-voltago
and two, low-voltage pouer euppllea. Figure ~ and u
ehou the ono llne diagram of ● high- and loU-VOlt8E0
Power supply. Both powor auppllea oporntq in ?M pulsn
mode and aonnlat or two twelve pulne oonvertera
oonneoted In aerlea.

Th. tuelve pulse oonvartera in tho high voltago
power aupl.ly are built with two thyrlet.or brldgee
oonneoted In serlea. Eaoh bridge la rated 5 kV,
4200A(8VC), Caoh leg of the bridge oontalna a
thyrlator mdulo with thr~e llquld-oooled high voltage
khyrletora. The module la rated to 6 kV and IMOOA
(-vu), ThQ thyrlstoro ara equipped with nnubber nnd
rlrlng olroulta, Baoh brld~e la shunted by a bYp4SS
whloh ooneletn or three Chyrletor nmdulee In pnr811el,

Fig. 3 HV Powmr WIPPIY
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Fig. Q LV poWOr SUPPIV

Tho ounvt?rter Is proteoted by Metal Oxlrle (MOV)
II ●rres Lnre and OqUlpped with filter oapaoltor.
Ileconn,!ct awl tches perml t reduced power oporat t on

o? the syntom durln~ the maintenance or rallure Or ●

oonverter.
The twnlvo pulee oonverter in tho low “voltage

power supply 1s built wlttl two thyrletor brldgea
Oonneoted In parallel. Eaoh bridge la rated to 500 V
M200 A (avK). The bridge 1s built with alx, high -
pouer, 1 lqu ld-oooled thyrlatore, It la protocted bw
MOV surge nrreel,ora and equipped with dlaconnoct
ewl tohea.

Both thn high aml low voltage oonvorters are auppl led
by a polygon /delt. a/wye oonneoted trannf’orncr, Tho
saoondary vultngna or these oonverter trannrormor WI ‘ 1
be ehlftnd hy “/.5° and 3’f,5~ relatlve to the prlmry
voltage If nuppllnd by pooltlvo aoquenoa voltnge. Ir
1 t i a IJUPI)l ied by negntive squonoe voltabo thn ph.~ao
nhlrt will hn -22,5° and *7.5*, Tha oonvertere will be
Oonneatd In earloa and thus oporrte In 24 pulam mode.

Tho 24 pul m converter mde w: 11 profluoe n amoot h
do ourrcn~ . Only two (2) 150 kVAR cnpnoltora are
needed for rlltnrlng on the do aide or ●auh oonverter.
Each oonverter genera tea harmonloe on the 80 ● ide.
Tha.,o hMrmoulca pruduoe dlaturbanoee In the pr I mary ●o
power nntwork and may oauae overheating In the rly -
Uheel Conrmator, The harmonloa W111 be reduosd by
filters oonnootod dlraotly to @ieh onnvorttr
tranarormfir’e primary termlnala, Caoll rliter w1l 1
oonalst or ● tuned olroult (for tho Ilth A 13th
harmonlou) and a high paaa unit ror 2Jrd, Zqth ●nd
higher ordar harmonlas.

b) ~

The one 1 Ina dla~ram Or tho ao syotem 10 ehmm in
Figure 5, TM nyetem oo~l~lete or ● t~y-wheel gen@raLor
ulth forml om~ltmtlon. Tha fly=utml goneratrw wtl!
he a awulua nuulear generotor rated shout 1000-1200
MU, The con~rator rotor has to M relnbroed to pormlh
the ●tnl’t.up by iI vnrlablo ●peecl drlvh devloe,

The gullorator WI 11 B@driven by a Varl#hln npeed
drlvc mystom, whloh will oonalst of a load oxnmutat@d
reo Llfler-lnvorter syet~mo Thla ayot9m reotlf;ae hnb
volt age or the 13, M IN, 60 116 ●nd the lnvortor oonvorta
thle do voltnge to varlabie trequenny ao voltnne, Thn
verlablm rroqunnuy no ntarh and drives the gnnerator
an a nynvhlv]nnwn motor, Tho ~enerator mJood onn bo
●dJustmd noourml,nly ●nd the system drawo ennal,nnt pownr
rrom thp ho Hn no eyatem. Tha power wI II ha kant
nwnnlmlt IW 1,110 Mnla OIIIIIIWIor the lhyr I ntorn lit LIIe
l’ouLl~lel’/lllv0i]’lnl’ ulruul Ln,
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FIs. 5 AO Syotam ulth Flywhael Gennrator

During the nacelarntlon period the IVnerator
together with the vsrlsblm opeed drive ●uppllne the’
●nergy to ●ll magnetb through the oonverter ●yetema, ‘

During the flat top parlocl the variable speed
drive will provide ●nergy f’or both the Eenerator, whloh
la aoo810rated a8 a rotor, and f’or tha two low voltage
reotlrlara oupplylng the mauneta.

In the reset porlod, both the energy reaoverod
from the magneto and the power supplied by the variable
●pead drive, aooolerate the generator and Inarease tho
gmneratw rrequenoY naarlY to the In ltlal level I

During the short lnJaotlon period, the Varlablo
trnquenoy drlvc bsain ouppllam enarny ror both th~
Mgnot ( through thO two low VOlt Ula reot lrlera) and fOr
tha generator (uhloh 1S aooolwstad),

The oonatant powor or thla vsrlabla rrequanoy
drlv9 ulll bo oeleotod In auoh a way thnt the orlglnal
froquanoy la raatorod at the and or the lnJentlon
psrlod. It la aatlmtad that the eyntom drawa more or
lQDS oonatnnt load or17 HH from the 1).4 kV 60 11s
busbar.

Tha ono-llno diagram on Fig, 5 ●hotia that the
Ommrator and the Invortor outputa Ml 11 ba ooflnooted to
a ;3.8 liV vnrlabl~ rroquenay bunbar dlreotly, I.e.
without ,* gen-rater olrouit braakari The Mgntit powar
auppllaa will b. looated ●t th~ IJIU Pourer supply
buildlngs and thsy w1ll ba Wpplled vla POWW oablta
from ths vnrlabh frequanoy buabar. CUrrellt I Ihltlnt
reao~ws ulli bo lnmorted in ●aoh powar reed-r to llfxlt
tha thort-olroult to tOOO MVA ●nd w1ll pormlt tha use
or standard mkal onoioml Snltohi.sr,

OPERATION ANALY3WI

A nniqml,u!’ mdel tmn bsnh dnvelnpd rot’ LhlIIn:udy
of tha pouor supply op~ratlon. Thla model almulatad
thm IM pu~ao oporation ●nd aonflrmd thmL tho do
ourrcnt harmonlos ●nd rlpplas a~a lCOO than tho

I maximum pcrmlnnlble value, ●asumlng propor flrlng,
However, t.ho flrlflg hiaoouraoy may Inarease hiirmonlc,
00ntent ●nd produoo beam dlsturbanoo.

Tha study of Eonarator oporatlon revaslod that the
generator JIL1 operate In a tranalent mode because or
the faat (50 ma) extraotlon or powar. Tranalent
oporaLlon Inarg;l.goa the rotor ~urr~nt and lndu~ea
urv,eslrabla rotor heating. Thla he~tlng errect has
been studlpd by Ul,own Bovoroo, The study oonri~d t~
pre510tnd roLor current lnoreaae but ahouod that the
1000 M generator will ba able to operate in thla modo
without any dnngw-.

COST ESTIMATE

The 00DL eetlmte or the dealgned ayatem aasumed
that the power aupplleo will uae standard U.S.
manuraotured thyrlator modules. The ornvarter
trannrormara are almilar to the tranat’ormare used at
the Prlnoeton TFTII Tok~k Fusion Reaotor. The aotual
Purchaae prloe of tha tranarorrnra were ●aaalated, The
generator was naeumfl to be available rree or charge,
thererore only the tranaportatlon, hndatlon and
auxlllary oqulpment ooata ● re Inoluded. The operation
Ooat ●atlmated by umlng the oaloulated ayatem lneaea
and the DOE recommended preeent value (20 yeara
operation tlma) multlpller, The total aatlrnted ooat
Of’ the eleotrlo aystama la $145-155H, The ●mtlmated
hardware anti Inetallatlon ooet la $95-1OCN, The
present value Or the operatlon~lntano~ ooat la #50-
55M.

COLLUSIONS

The eloctrlcal pow-r ayotem la dealgnod ror the
Advanoed Iladron raolllty ●ooelerntlon. It haa the
rollowms MBJUII aLLfllbuteal

O Thn system can be built with proven, tented
oompononte ,

0 The ayntom operation lm verlrlad by JO~pUtCIr
●nalynoo

1,

2,

1.

0

0

0

0,
mu

ThF nyetom drawo oonetant powor rrom Lhe ao
nutww-k

Thn danlgn la ooet OrreOtivo

Thn hnrrlwnre and opcratloll ffost rallo 1-
approx Imnloly two

IIW’EIIKNLWY

Knl’n,ly, 11, Cnscel, I)eslon Phlloaophy or Lho 600
PII I n~d I!onrav Convmr Le~s hr LIIO Toroldtil Flold

coil ;~r ‘TF’rll :( Prlnaeton,” ProoOedlnSD or the
Iiympflnl!lm mI Rngl:lrmrlng Problems 01’ FuOIOn
lleannrch, p,;. F17h-879, Knoxvllla, Tannceacs,
(Mtnhm vu-an. 1977,

O, KNrIuly, Z, Zilhmr, 5, J, HoMurray, O, Urnnnnrt
“Ilarmuh l~J Mlllent 111 Lhn Variable Frequency ~utput
nr ttw! ‘Y’H’lf Hfltof--nonnrator-FI Ywhaa I FIYstem,”



~PONER sUPF.Y USIt$.3 INIXJ~~ E W?&!!B —.—.

TIW general system arrangement ic ●hmn in Figure 1.

F~ g. 1 Inductive Storag* Concept

The main ring magnet- will be suppl Jed by six hlsh
vol taae end two low voltq~ power cupplles, Those
power supplles drl,v~ ~ trapexold shape current wave
throush the msgneto.

The pwer suppl Jes ● ra J,dentlcel wJth thooe shwn
in Flgurea 3 ond 4 in part A, The Jnduct Jve ●nergy
storase devlcen are aJ.t coded teactors, which ● re
supplied by oJml,lar power cuppllea, llurJng th~
operation, tho energy la ●xchansed between the ma~nets
(L ) ●nd Inductive ●nersy atora~e devl.cem (L ). The
lo~sea ● re suppl led frw the 10CSI ●lectrlc noflork,

T’
w
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l-ct.l

EH91-

FILTER
CAPACITOR

SANK

Figura 2 shcua ● varl.at Jon of this cJrcult. whJ.ch
Corsists of IWO jdentJ,crrl accelerators (LM and L ).

~Ths two ●ccelerators operate J.n ● push-pull mode. i. . .
where LM is in the accelerator period, L
reset period. Therefore. tha energy

~o:s :; t;:

‘f%is arrangement asaurea the hightranefarred ‘o L~l;cilJzatJon and@cOn~ic operation.
level of componen

SYSTEMOPSRATION

Tha rquirr.d magnet currant, voltase ●nd parer sre
shown in Big, 2 of part A.

This system operates with 3.3 * frquency ●nd the
operation cycla Jo divided into four perioda~

o XilssQss!!; The ❑agnet prnrer ●uppllen keep the
msgnet current constant ● t 1040 A which requires
low voltage and power. Tha hish-voltaae power
auppllea ● re byptaaed: only the low-voltage
power auppllen are oparatlrrs ●0 rectifiers. The
inductive storage prxfer auppllea (L ) are
operating as rectJtLera ●nd ●djuat~g the
current of Ln to 10 kA.

During this period, the ●lectrical netwo~k
auppllem the systam loao, which la ● corwtant
load.

o Acceleration; The——. . magnet power ouppl Jea
Feaae the current rapidly from 1040 A to
10,000 A, Thla rqulr?a hl.sh voltese ●nd pcuer
because the ●nersy ●tored in the masnets
lncreaaeo from 0.37 M to 34 W.

Al 1 t }10 magnet power cuppllen operate ●a
rectl. fJara.

o

0,

The Inductive storage power auppl Jea are
operatlnn ● n Invertera, reduclna the current of
L from 1040 A to 10,000 A, Th@ ●nor$y ctortd
h$!e nupplleo the ❑a~netti. The ●l~ctrlcal
network suppllts th~ syot~m loams,

rlat Irrpl The masnot power cuppll~c k~ap the—... .
ma~net current conetant at 10,000 A, whJch
rqul rea relat Jvoly low voltage and p(uar, Tht

hl~h-vultase power ●uppl Joa ● re bypaaaed and t’ I
lw-vol Inua pmrsr cuppl J~a art oparat J,n~ ac
ractlfi~ro,

The Irrductivw otora~a pwer Cuppllcn arc
adjuetln~ the currant of Lm to 1040 A ●nd
raplacln~ tht ●nor~ 10s000,

A$aln IIIC clsctrlcal natwotk la ioad~d trl(h lIIQ
Cystam 10SME,

MJ&Ql The mag).~t power ●uppllcs produca lar~c
ne~atlva vollasa to rcduoa the current and
cnarty mtored In tha ●a~not from 10 KA or 34 W
to 1040 A or 0,37 W, raapoatl,vely,

Tho masnor powat auppll~a ● r~ operatlns ac
Invertera, Th~ ●ner~y ●tora~c pewcr @uppl Jcs
or. ;~:ratlna 00 roctlflora. The ●ner~y stored
In aasn~t o ● te tranofarrod Jnto th.
Inductlvt otora~o dwlcaa (La),

Agnln, the eloctrlc natwork la Ioadad by the
system Ioacsa,

4



WST ANALYSES

The Sy6’t~M 10E9e# w@r. ~~leul*red “sing rhe
computer pt OUI am developed Ior the storage generaf or.
The Calrulat’ed 10SSeS are 20 ~. l.he~e are ~jgher than

tho 100BQS calculated for tim storage gett~rator becauae
the losses Jn the Jndivldual storage devj,cea ●re hjshor
thsn fn the generator. Wwever. if the push-pull
system la used their looses ●re divJded between the two
systems. which jncreaaea the ayatam econay, me
prasent ValU@ Of tho leaaaa wara cslculatod uajng the
DoE recommended method. The total eat Imated coat of
the eyetam JS around $200 M: the est Amated hardware ●nd
Jnctallation coat js $135-l@M, the present value of
oporation coet ie $60-65M.

c. RESONANT POUER SuPPljY—...

INTRODUCTION

The Actvanccd Hadron Facility is a future knon
producing accelerator in Los Alamos. Tho particle beam
is accelerated by RF cavities and directed by magnets.
The main ring will ba built with eighty large magnets
aoonected in 9eries and arranged in an oval-track shape
loop . The power supplies drive the current through
this 100P. ‘i’ht3 required current wave shapo :s OhOwn Ifl
Figure 1. The wave repetition frequency is 3,3 Hz and
the wave is divided into faur periods as shown III
Figure 1, This wave can ba efficiently Eiefloratcd bY a
resonant powor supply. Several publications deal with
the resonanoo power SUPPIYI racently W. F. Praog [1-2]
d@VelOped a circuit, which is able to generate current
waves with a flat top and bcttom. The purprrsn of tl?is
paper ia tho engineering design of a reaonnnce power
supply for a Iargs, 34 MJ aoaelnrator.

SYSTb’M CONFIGURATION ANU MODCL“—.

The main ring laop of magnets will be dlvi’lod into
20 seotians afld a high voltage resonant pawer supply
will be oorlnf?otod in aeriee wlttt eaoh saotion. This

8rrMIgem8flt ao!tumaa thct the tItagnet voltage to ground
ia 10kV or Iomo. Tho oonoeptual onn llnn dinurnm of n
rernonant puwnr supply Is shown in Figure ?. The tsystem
haa been modolad using the Miora-CiIp 11 oanputer
program, Tho modnl clrouit 1s nhown in Figuru 3.

Pig. t (: IIrrIIIIll Uovq I’orrn
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Fill, 7 COIII!IIptIIiIl f)IIo-l ino diagram

Thu mgnct iind choke is modeled by an inductance
and resistance connocted in aeriea. The magnet and
ChOke power wpply Is mcdeled by two prograntmiible
voltage aourcos connected in series. These voltage
sources are turnorl on during the in.jectlon and f~at top
periad and bypassed during acceleration and reset
period. Tho voltage source represantlng the cnl>ke
power supply providas a short duration Voltat?e pulse,
‘which replaces tho energy leas in tho circuit.

The capacitor banka are madele(i by a rmpncitor and
m serlea resisLnnce to represent the sum of the Oable
interconnoctionn and bus reslstanoes.

The by-pnsrt thyrist.or swltoh 1s modeled by two
swilches connected in parailcl. Each swlto~l oonsists
of an equivalorlt resistance, voltage sauroe and n
valtage corllrolled HwitOtI. The resistance and vr.ltage
source simul,~l.on th~ Forward voltnge drop oF the
tllyclstord, Lho vult. fige controlled switoh rilmulates tho
turn on of ttw3 thyrist.ors.

The cfipaultnr bank thyrlatar awitoh 18 mado~ed tj
one voltago-aontrollad switott.

g&w I

I’lfj, ] f: ImIpul,III* model olrowlt

)iNhl,YSIS OF SXSTEMOPERAT19N

The ourrol\L, vult~geo and loaous w~reoaloulnted
by the MICR@CAPtI program,

In ordor La optlmlzo the symtmm operdtlon, tho
ptirnnntt!r valwfts hMv# bnen variad until the optimum
oonttitiona wurn nohlnved”

Tne o.t]nvlnl.od wwsr, ~ultbge nnd 0~1’~’@nt ‘~nv@
Forms ptirmlt, tho nnnlyeia oF the oporatlon nnd hliou
Lhe dotarm!nwti!)u ot’ oompomtnt ratlngm,

Uolng lho obtain-d valuae ●aoh tinJot’ domponnnt Waa
doelgnad.

5



wro am-l l.IMi nwil.i!h dlvurt~ nhout 9kA cuf’rent trnm theMAGNET POWER SUPPLY

The one llnc diagram of the magnet p~f!r supply la
shown In ~tguro Il. na basla alemnt of the system ill

a standard bridge oonvartar with llquld coollng. A
suitable unit is a standard thYrlstor aas*lY which
rated for 6oI~ V and 4200 A at 3 Eallonimlnute rlow
rate. This unit uaee heavy duty dl~ thyrlstors.

Two unlLa connected In parallel rorm a convertar
which operatea In a tuelva (12) pulse mode. This
oonverter is supplied by a polygon/wye/delLa
transformer. Two of these oonvertare are oonnected in

nerles and oporaLe In a twenty-four (Zh) pulse mode.

Thn tun cnnvert-rs connected in series rorm a Mgnet

~uww} uuPI)ly wlil,:ll lU 1.JLuLI .tL ~ >UU V, 1, kh (. IV M). Ill
kA Pak.

The 8econdary voltages of a polygonldeltalwye
oonneoted converter transformer will be Ehifted by -
7.5” and 37.5” relativa to the primary voltage If
uuppll-d by posltiva aequenoe voltage. If 1: IS

supplied by negative aoquence voltagq the phase shift
uiii ba -22.5” and +7,5-.

CWME PCNAER SUPPLY

Tho oh~e power supply one l~na d!agrnm Is shown
In Figure 5. The ourrent ragulator ohargoa the
oapaoltor bank through the diode bridge by aonatmnt
ourront. Tho capmoltor bank Is dlaohar~od by thyriator
awitoh Ml t tf2 during the in.laotion period and replaooa

the energy leas In tho olroult. The dlodns provide a
Currant path for tha in fluotivs ourrant and prevmllt ova~
voltagea.

,,,Q . ..-.pw-m-t-iM*:,(!r,,,,
Iamv rnna &latha-

mbv,Bua
,I,,,,,,lnn ,W, rm,

Clnmnl lwmi Al,m Iawa, * , MJh”

Fig. 5 Clllwlt l’uwllr :;upply

llY1’AfiS ‘rtiynl::’roli SH1’ICII. ..— . —-—-—

l’llm w)mpull,!l - nlmullll,lrm nllnwn tlmt Llw hypnnn

owitoh hmn l.!) m)nduot In boLII dirootlnnn. Inn pmvlllvn
w.wront rl(jwa dIII,lIUI Lhn rlnt LfIp period ntld nllRatlvo
oU1.t’I?IIL durlnH tilt? 111Jautlom lIIWiIM1. Thin :WIIIII’W LWO

nnpnfwtr Mlvl, lntnl’ nullohon, nnn ror I.lw poflltlvl! (SH2)
ivlld W fol’ Lllu IIWIIIVII dll’w!l,lrnl (::HI).

Thn pmvltlvn nultl!h Lilt’fln rm nt tlw hrMlflfllnrl nf
tho rlml I.IIP I)c1’iodo 1110 llmRnkiV~ bW)Lt!h nl, thVI
bnqlnlllna or lhn lnJentlnl~ pevlnd. III huLh wnmill
baro~c Lull!llnn on, t~ awltah voita~en ●re ptwvollcmily

I t
1
, 1
I 1
1 1
# I
t I
I
8 1

mwmvc : 1
Swllcli ,

Swz ; I
I?0 bv

● 5BA (nw) ; ,

DkblMAX) I
I
I

I :
1 1

1310:
I
11

I

I

---- --- .!

Fig. 6 Ilypaea tllyrlstor aultch

At tha and or thalr rospootivs porioda, both
nwltchne turn nrr nnd the ewltoh aurrent la dlvorted
Into the lriI’gP cnpacltor bank connncted [n PWW1101.

In both c;lnrn Lhn recovery voltago Increaaos E]oW~y.

This pormlta tha uw? or gate turn orr (GTO) dovicee for
the curremt Intcrruptlon.

Tho bull ding block or thn 18 n awlt.ch-unll whl(!h

cn!mlsta or LWO Lhyrlntor mdulea and a gate- turn Orf
Wltcll (CTU) Iwdulea cOnlll, CLOd In aorlos,

The Lhyl’lntor moIJulI? la built with rlvo writer
cnolad high v.)lLago thyrlstora and rated to 10kV and
11100 fi,.m~. TIMI till] nwitch conalate Or two uhLer cooled
c“rn davidn: vunllocted III pm.ollol and rnted 1000V and
Illoon,

h 140V (rental oxide vnrlntor) and n I’IC Sunubber
alroillt 10 eoulleotod In parallal uith smoh dovleo Eo
aq,iallza tha vnltnge dlatrlbutlon and raduoe
OvervOitagan. Eauh dgvlao haa ● ~ata OlrOUiks Tha
poaltlve ewltoh hasi four, the neaatlve hiia tUOUnltO
oonnnot.d In pnrallai. Both tha thyrlatora ●nd ths
GTU’n are Lrlggornd eimultanwualy when the swltah 1s
turnvvd 011. ‘i’ha nwltuh la lurnnd off by tha (ITO davioes
which inLnrrupL Lhe awltak ourrent wlthln a rW
mlcroneconde.

Thn nlIIw rlnlng t’enovnry volhaue pormltn the
dnl(}olznLlntl uI’ lIIW ltlyrl:]Loro ond lhn blocklmg or tho
XI kV ponk rnwovory vOltag~l.

CAPACII’UN DANAS.—

Kmch rtlnont~nco powor supply hum Lwn oapaaltor
lmkn, Tho vhvlgm dnta nro ahouII In Tnblo II

Tnl]ln 1. CAPFWITUN DANKS IIA’I’INO

—..- ... -—--- --—— —.—

Ilmlk I Bank 2

—.—. -. . .. . ... . . . ... . ...-— ————

— ——---
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‘The capacitors bmk WI1l be divided Into five oapacitor
bank units. I.:nct] wnlt, conslats of up to 200 capacitor
ca::a, each (:an 1s ‘atad for UOOkVAR and 20 kV or 300
kVAR and 10 kV. The oapacitora are single phase (one
bushing) sl~lnrlard dlstrlbutlon type units, Each
capacitor can is equipped with current limitlng ruses.
TPie ruses :Ire rated to ulthatand a ourrent or 15 kA
peak as well aa provide protection to prevent the
rupture or the c:lns in the event of capacitor short
olrcuit.

‘?he t?np,lr.1 tor bank units have five vcrticnl rackn

bolted togt!ttn, r. The alumlnum etruct.ure aervea as a
current rctlll-rl p.nth. Erich unll Hill be mounted on SIX

poet type 15 kV insulator.

The capacitors are connected In parallel with bua
bara rated 8000 A rm’s.

CAPACITOR BANK THYRISTOR SHITCH

The bl-directional switch operaten only during the
,acceleratloll p~rlod and conducts curr(?flt In both
II I r,.t.l. lflll:l . “Ill! iwll.1,11 Il; l:l :1 pll:tll. lvt. ,!1111 , !I1. j:.11 Ivl,

branch. ‘Ttll? pL):JitiV~ branch consists or Lwo Lhyrlmlor
modules connected In aerieo. Thosn nmdulea are slmllar
to those used in tht= bypaea switch. The negntlvo
branch la built with two dlodo modules connectod in
nerlee.

The CStJ2 swit,ch is turned on when the acccieratlon
period .etarta. Tho awltoh oonnaota the Capacitor Dank
2 (C2) In parallel with Capacitor Bank 1 (Cl). The
opening or bypass ewitoh (SU2) w1ll divert the nwignet
and choke current to the capacitors, Tho capacitor
Ourrent renches the ‘9 kA level very rapidly and thnn
the ourrent Increnaon to the 9 kA level rollouing n
cosine curvu. Hht?n the ourrent pclnrlty chnngea thn
CSW2 auitah, it. t.urnm orr and the current rlows through
the dlodo rmJduion.

Hhen tht? current renchea 9 kA, the byparis ewitoh
turne on. This diverts the current horn thu cilpncltor
bank to tho bypnm ❑witoh, Tho Capnoitor llnnk current
will then rvdut?o rapidly,

AC SYHTEH.— —

TI1O nc nynlcm connl:jtn or n mmlll nllbnl, nlion mId

tWoll Ly (l Iolrihullf)tl nubst~lloum. Th@ mall, nwbnl,lllnll
wi ii bO suppllr,J rrom Lhc I 15 kV llno throuMll n 60 MVA,
l15i13.h kU trnnorol,mor. The awltchgonr will bo
mtendard IJ.R kV m?tai I?lnd awltnhgenr ‘{11.11 inn hnyn.
Fiva (5) Imyn wlii be ●qulppod with OII”CUIL bronknre

nnrl tho nlwtl”, uI1l be equipped with potcntlal
tranororanrm mid rnterlng.

Tho Lwnnl.y dlatrihulion ❑ tmlion=c ulli bn
dlatl’lbul~d 41nnE lho mnln magnet lonp. Tun rin~
h?cdnrs h’~lm Lhn main ata(, ior, sultchgonr wlil mod thn
dlnlributlmn nlntlona.

TAIIIIC 2
AC Syulvm LAmi

— . ..-. .-. — -—-- ..— —— ——-—-—.

I’(rln) U(f4VAr) :;(MVA) ihlr:i Llnn (mfl)

--,-—- . ---- . . --. ,.,. —.. ----- —.-.-—. —,,. ..—- —

I NJEC’r l~lN Ill.?? 2,72 I II ,11,/ 50
AC1.El,Ellq’rl ON lq. h’J o.~1 15*h J ’15
Fi#A’r Tot’ J j , Ou 131.111 3’1 .’l”i I 5LI
NESET Ilj,llj 0.41 15, h3 ?5

—.———..-.——

OPERATIONAL ANALYSIS

The ayatem operation has bqan analyzrd and the
Imaxlmum load haa been calculated, TIIe analyees
revealed that the system requires reactive power
compensation and hnrmonlc rlltering. A 12 FIVAr filter
Is selected, and connected to the main substation bue

%+t-. The AC e.ystcm load is shwn In Table 2.

Tnble 2 Indlrntes that during thn flat top period
the system wll I ioad the local ac nntuork with an 18Mw,
150ms duration pulse, which my produce dlaiurbances.

COST ESTIMATE

The cost. esLlm3Le or tllo designed system asaumed

that the power supplies, witches w1ll uae etandard
Urns. made thyrlstor modulns. The operation ooat
cntlmvtcd hy uning tht? cnlculatcd ny3Lom lonnan and tho

OGE raconmn]nded pr~!~ent value (20 yeara OpOFatiOn timx+)

multiplier. Tho total eati~ted coat of the elactric
systems is $125-130M. The estimated hardware and
Installation cost la $75-!30M. The operation coot la
$50-!i5rl.

the

1,

2,

3,

4

5.

CONCLUSION——

The enginnoring dealgn of the
main ring pounr supplies ahws

elestria ayetem of
thnt :

0 The rcaunnnt power supply can be built with
etandnrd coi’mnerolally available compomenta,

o The most critical component ia tha bypass
switch, whh:h requlrea gate turn orr thyrlatora
(GTO) cwmnocted in paraliel.

o Stnndnl)d m,?l;ll clad awilch~vnr can be uaod ror
the! AC uyutom.

o Thu rt. nonnnt power aupplinu t!iwl he rod directly
tl’om Lhv 115 kV utiiity nutuork. But tha
rcuwnnncc poucr nupplios drnu pulso-londa rrom

thl? utiilly uetwork. Tho 18MW, 150 me duration
pwl.=ic IMly prodwco disturbanenu,

o AC rlllvr ~lnd ranctive pouur compcnaatlon is
nl!ndcrl rlJ1. ocunornic opcrntlnn.
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D. WNAIATIDN——

Tho three ❑yatms wmrc cmpargd Errn rhe
tmchnlesl wtd cconalml point of VJW. ThO Kamultm
sre mmmarlzcd in Table- 1 ●id 2.

TAME 1.

TEQiNICALPSRPORHAN= OONPARISW

——. . . . .—— —-. —— ----

Thyr~mtor Comcrtar
●nd

Storasa Inductlvg Neaormnt
Generator St orqe Ps

-----...-—— — -.-—- —— ____ . ----

Peak pm~r loedinB 15 w 15 WI 35 m

Prwor fluctustlono Non. None 20 w

OpQrmtionexporlcncc God NOIIW Norm

Rel Lmblllry Nadl um Good 7

t101nt9nancc. JJJ@r l,LW M,rfl um

nomcrlv~ p~er 5 WA 5 WA 20 WA
COnmL9pt lon

Loam W 17.1 20 17.00

Con: rol Good bay DlffJcult

——---—. — ——— -----

Tsblo 1 ●hma that tha inductive otora~e ●ymtm 1S
● ont sdvmitmgaous in tachnlcnl point of vhwI ●secpt
~h8 h~shcr I’osnem. PmrtLcularly dvanta~eoum 1S that
thla Vymte, rquirss ● ●imple control ●nd sII
eomponmt ● ●rm evallablo ewrcially. Seth the ●Jr
cooled fnductmncm ●nd the hrvartor/ rmccLfLcrm aro well
developed ●nd rostod qrrl~ant.

TIIa dlaadvantaaa of tha raconent powar mpply 10
tlm pufoa foadlng of tho ●lactrlc n-work.

TASM 2

(J3ST (3NPARISON

———. ——-— ----—

Thyrlstor Corwerter
and

St Omse Induct Lva Remnant

tleneraror Srornge Ps
. — -—— -- .----— -———

H@rdwar* s 97.06 M slho n ~ 77. s0 H

Op, ration 6 51.45 H $60 M $ 51.00 n
-- —---- —---— ---——------- —------———

TOTAL $149.5 n $200 u $128.8 H

—-— -—-— —--— --- -- --—-—

me coct cmpsrlmon @hmo thmt the momt ●conalcsl
¤y~t- Js tha Re-onant Pmer Supply. Tho coot af

Jnduct Jve #toraBe dwlcem bcctmrn #ttrmctJve Lf the
push-pull •yot~ with two idantkml rinlm ● rs ueed.

1.

2,

3,

4.

5.

6

7.

~NUU SION

Ml the rhroe fiyst~- ●re @uitsblo for tha K-on

factory ●ccelerator.

Seth ●yotem can b- bul.lt with ■ootly ctmdard
conarclmlly mvallablo cowpormntm.

The ■ ent crlrlcal component In Ihr hypmsn -Itch in
the Moonmrt Power Eupply. Mc~u~o thL~ ~lcch
rtqulrem gcm turn off (llm) thyrlstorn connected

Ln psrmllel.

Standard ■atal clad mlteh gear can be umod for the
SC ●ymtem.

Thm eymtwm with mtorase Sartermtor or iriductlvt
ltora~e produces cor.ntmt load on rhm SC oystm.
Resonmtt Pwer Supply drma pulce loede fra tho
utLIJty mtuerk. Tbe IS W 150 m- pul~o my
produco dltturbmcen.

Tlm pulse loedln~ 01 tho stors~e ##rterator producae
rotor h~mt ln~ which Will rqul re fur thar
lnvemtl~elonm

The ●ost aconmlcml symtem la ths Rosownnt P@cr
Supply,

a


